ABSTRACT
Introduction
A large number of studies has examined the predictability of housing markets and more recently the comparative forecasting ability of alternative methodological frameworks. However, the majority of such research has been concentrated upon price dynamics, with comparatively little examining housing supply. 1 However, due to the fundamental characteristics of housing markets, and in particular the inability of supply to adjust in the short term to demand shocks, the modelling of housing investment plays a vital role in the overall dynamics of the residential property market. In addition, the construction sector plays a key role in the overall economic activity of countries. Previous work on the supply dynamics of the housing market has tended to concentrate upon the underlying characteristics and economic forces at play. Early papers on housing supply dynamics include Poterba (1984) who proposes an assetmarket-based model of housing market dynamics. Topel and Rosen (1988) extend this approach to incorporate adjustment costs, while Hakfoort and Matysiak (1997) test both of these supply models using Dutch data.
An important issue with regard to housing supply, particularly in comparative studies, is that the planning regulations in place may vary considerably. A number of studies of the US market has illustrated that the relative restrictive nature of local zoning policies can have a major impact on house price dynamics in different metropolitan areas (e.g. Case & Mayer, 1996; Jud & Winkler, 2002; Malpezzi & Wachter, 2005) . White and Allmendinger (2003) cite empirical evidence in their review paper that would suggest that the price elasticity of supply in the US is far higher on average than in the UK. In addition to broad zoning/planning rules, constraints can also be imposed concerning the type of property developed. Green (1999) illustrates that many local authorities in the US practice exclusionary zoning that all but prohibits highdensity housing, such as apartments. It is noted that these take several forms, such as a requirement for large minimum lot sizes per unit, minimum dwelling square-footage requirements, and requirements for long road setbacks. Green (1999) argues that these practices make house prices more expensive than in those areas where exclusionary zoning is not practiced and passes the infrastructure costs of higher density development, such as road improvements, to neighbouring local authority areas. These practices act to reduce the overall supply of housing in a particular area and present higher costs for those existing homeowners wishing to trade-up from their existing houses. Therefore, the major impact of zoning practices and density requirements is likely to be decreased housing mobility and an overall lack of supply for those wishing to enter the housing market in a particular area.
Only two recent papers by Fullerton et al. (2000 Fullerton et al. ( , 2001 explicitly examine forecasting issues in housing supply. The two papers examine housing supply in Florida using single-family and multi-family data respectively. Both papers compare the forecasting performance of regional structural equation models to Autoregressive Integrated Moving Average (ARIMA) and random walk specifications. Both studies find that a simple random walk outperforms the alternative forecasts. This paper aims to extend this rather limited literature by modelling and forecasting housing supply in the Republic of Ireland.
The choice of the Irish market is of interest for a number of reasons. First, in the last ten years the market has seen a sustained housing boom, with second-hand house prices increasing by 307 per cent in nominal terms and 184 per cent in real terms on a national basis between 1994 and 2003. This sustained period of price growth has naturally focused attention upon possible causes behind the housing boom. A common viewpoint is that a speculative bubble of some form developed in the Irish market during this period. This is explicitly examined in both Roche (2001) and McQuinn (2004) . Both papers find that while some element of overpricing relative to fundamentals was present in the late 90s the market had largely returned to an equilibrium level justifiable in terms of economic and demographic trends. The fundamentals at play have also been assessed in Kenny (1999) . Kenny (1999) finds evidence of a long-run cointegrating relationship between housing and stock, aggregate income and interest rates. The author also finds evidence of substantial supply constraints, which the author argues could be a major factor behind the bubble-like characteristics of the market in recent years, with prices overshooting their long-run equilibrium.
However, few papers have examined in depth the supply issue. Bacon et al. (1998) , Stevenson (2003) and McQuinn (2004) all model housing investment, however it is very much a supplementary analysis from their primary focus on price dynamics. The only paper to have concentrated on the supply side of the Irish market is Kenny (2003) . Kenny (2003) uses an asymmetric error-correction model, finding that the costs of adjustment are greater in the case of an expansion of output, in comparison to a contraction. This evidence is consistent across a variety of model specifications. This would be supportive of the hypothesis that supply constraints were a key factor in the house price behaviour observed in the Irish market in the late 90s. The response of supply to observed price increases can be seen in Figures 1 through 3 . Figure 1 shows housing completions on an annual basis. While it would initially appear that housing supply increased to a considerable degree from the mid-90s onwards this is a somewhat misleading impression without consideration for the scale of the house price increases. Figure 2 displays indices of both house completions and house price increases, with the later figures in nominal terms, while Figure 3 displays the corresponding indices with the house prices reported in real terms. In this case the scale of the housing boom is evident. Even in Figure 3 where real house prices are used, while over the entire sample period housing completions broadly track house price movements, the supply side of the market does fail to fully capture and move in response to price changes during the specific period 1995-1999. This paper uses three alternative models to forecast housing supply in the Irish market from the early 90s onwards, namely; a fundamental variable-based Ordinary Least Squares (OLS) model, a Vector Autoregression (VAR) specification and an ARIMA approach. In that sense the paper is similar in spirit to recent comparative forecasting work on house price dynamics such as Crawford and Franatoni (2003) and Guirguis et al. (2005) . The remainder of the paper is set out as follows. The following section details the data used and the modelling approaches adopted throughout the analysis. The forecasting performance of the alternative models are contained in the third section, while the final section provides concluding comments.
Data and Methodological Framework
The data used in this paper is quarterly and covers the period 1978 through 2003. Housing completions are obtained from the quarterly Housing Statistics Bulletin of the Department of the Environment, Heritage & Local Government (DoEHLG). In order to fully capture the dynamics of the Irish market over the last ten years and to avoid the forecasting comparisons being dependent on a single timeframe, rolling forecasts are estimated. Initially the models are estimated using data for 1978-1992. Forecasts are then estimated for one, two and three years ahead. This procedure is repeated for each subsequent year, with in each case an additional year of data added. Given the seasonal variations in completions, the forecasts are based on aggregated annual data. For example, the four quarterly forecasts for 1993 are aggregated to form a single forecast for completions during the entire calendar year. It is this figure that is then subsequently tested for accuracy.
ARIMA Model
Given the evidence in their favour in both studies of house prices (e.g. Crawford & Fratantoni, 2003) and supply (Fullerton et al., 2000 (Fullerton et al., , 2001 ) ARIMA models are a natural choice for inclusion in this analysis. ARIMA models rely solely on past reverberations in the series in question. The series is fully described by p, the order of the autogressive (AR) component, q, the order of the moving average (MA) component and d, the order of integration. The AR component is built upon the assumption that future realizations can be approximated and predicted by the behaviour of current and past values. The MA component seeks to depict the processes where the effects of past environmental innovations continue to reverberate for a number of periods. If y t is an ARIMA p, d, q process, then the series evolves according to the following specification:
(1) Where θ 0 is a constant, ε is the error term, q is the number of lagged terms of ε and p is the number of lagged terms of y t . It is required that the series used in the estimation process is stationary. Each series is therefore tested in each relevant time period for stationarity using the Dickey-Fuller unit root test and then differenced accordingly. The unit root test can be represented as follows:
In each time period examined the supply data had to be differenced once in order to obtain stationarity. 2 The ARIMA model tested is determined given its relative accuracy in-sample. A variety of ARIMA specifications are modelled, after initially differencing the data in accordance with the reported unit root tests. The specifications used range from an ARMA (1, 0) to an ARMA (3, 3) . The assessment of the relative goodness of fit of the models in the estimation period is examined using the Schwartz Bayesian Criterion (SBC), which can represented as follows:
Where T is the sample size, n is the number of regressors and RSS is the residual sum of squares. The most accurate model is that which emerges with the smallest figure on both criteria. The model with the lowest SBC criteria was then tested out-of-sample. Table A1 in the appendix details the SBC results for each time period. In all time periods the ARIMA (2,1) is deemed to be the best fitting and is therefore used in the forecasting component of the paper.
OLS model
The second model is an OLS specification that has been commonly used to model housing supply in the broader analysis of housing dynamics. Papers such as Muellbauer and Murphy (1997) in the UK and Bacon et al. (1998) and Stevenson (2003) in the context of Ireland have used such an approach. The incorporation of fundamental variables also allows a comparison with pure time-series approach of the ARIMA. The model can be displayed as:
Where HC is housing completions, HP is the real new house price series from the DoEHLG, hp is the real change in this price series, BC is real building costs, r is the real after-tax interest rate and PP is planning permissions. The majority of the variables are modelled in log form and any variable in monetary form is adjusted for inflation and expressed in real terms. The variables were obtained from the DoEHLG with the exception of the interest rate series which was obtained from the Central Bank and Financial Services Authority of Ireland. The coefficients for the model for each of the different rolling time periods are reported in Table 1 . With the exception of Table 1 .
Coefficients for the OLS supply model 1978-1992 1978-1993 1978-1994 1978-1995 1978-1996 1978-1997 1978-1998 1978-1999 1978-2000 1978-2001 1978-2002 
Notes:
The coefficients from the OLS supply model specified in Equation (1). * indicates significance at 10%, * * at 5% and * * * at 1%.
lagged completions and the new house price series, none of the remaining variables consistently obtains coefficients at statistically significant levels. Indeed, the only such example is for the interest rate series for the 1978-1997 period. The lack of significance in the fundamental variables is an issue that will be addressed in greater depth during the discussion of the forecasting performance of the model.
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Vector autoregression model
The final model examined is a VAR. VARs have been used in a number of studies modelling house price dynamics Zhou, 1997; Guirguis et al., 2005) and have also been found to be extremely useful in a forecasting context in commercial real estate markets (e.g. Brooks & Tsolacos, 2000; Stevenson & McGrath, 2003) . The VAR model used in this study is similar to that adopted by Stevenson & McGrath (2003) in their analysis of London office market and follows a Bayesian approach. In order to ensure a level of comparability between the VAR forecasts and those produced by the OLS model, the same variables are used. The choice of the Bayesian VAR (BVAR) is designed to avoid some of the problems that can be encountered with conventional VAR specifications in terms of overparameterization. This issue is of enhanced importance in the context of property data due to the limited number of observations generally available for modelling purposes. Furthermore, these restrictions frequently manifest themselves in terms of large outof-sample errors. 4 The approach used imposes soft restrictions on coefficients, rather than using a criteria-based approach and excluding lags. It is therefore assumed that longer lags are more likely to be closer to zero than shorter lags. However, by the imposition of soft restrictions this assumption may be overridden if warranted by the data. Given the lagged nature of some of the relationships concerned with housing and also that seasonalities may be present, the model used in this paper adopts relatively loose parameters in terms of the estimates of prior means for the lags and also the importance of the lags of the non-housing variables. A tightness figure of 0.2 and a weight of 0.5 are used in all of the tests.
Forecasting Accuracy
The forecasted number of housing completions on an aggregated annual level is reported in Table 2 , and graphically displayed for the three alternative horizons in Figures 2a through 2c . Two primary issues arise from the analysis undertaken. First is the divergence in forecasting performance between the ARIMA model and the OLS and VAR specifications. Second, in the case of the OLS and VAR models, the increasing variation in their forecasts, relative to the actual number of completions as the forecasting horizon is extended from one to three years. Perhaps the key to understanding these points relates to the specific time period when these divergences are observed, namely from 1998 through to 2001. In the first period, all three models are relatively accurate in their forecasts, although, as one might expect, there are larger forecasting, error observed is in excess of 50 per cent for both 2000 and 2001. In comparison the ARIMA model provides relatively accurate forecasts. For the oneyear horizons it is only once in excess of 10 per cent from actual completions and this is for the first rolling period before the boom conditions. Even for the three-year forecasts, the ARIMA's highest percentage error following the start of the housing price boom is 15.71 per cent for 1998, and in that case it under-estimated supply, not over-estimated as the other two models did. The relative accuracy of the ARIMA model can be further shown through the alternative accuracy measures reported in Table 3 and the corresponding rankings in Table 4 . With only one exception, the mean error on the one-year forecasts, does the ARIMA not provide the most accurate forecasts?
It would therefore appear given the results that relative to market fundamentals supply did not respond adequately to events and price movements in the housing market. The fact that the ARIMA specification outperformed in a forecasting context the other two models further supports this notion. 6 A key element in the supply constraints observed in the late 90s was shortfalls in the ability of the planning system in Ireland to adequately process applications. Williams et al. (2002) note the concerns raised by many involved in the development process as to time delays inherent in the process. This was felt to be due to a number of factors including the appeal system in place and a shortage of professional staff within the planning system. Furthermore, even following the awarding of planning permissions constraints concerning the provision of key services to development land also contributed to delays in the development process. Actions aimed at addressing some of these constraints may have contributed to the increases in supply in the early part of this decade. Spiegel (2001) presents a theoretical model that may also aid in explaining the sluggish response of supply to the boom in house prices and would be supported Note: The rankings for each of the different forecasting accuracy measures shown in Table 3 .
by qualitative evidence from the Irish market. Spiegel (2001) argues that if house prices are increasing rapidly due to improving economic conditions, as was the case in the Irish market during the late 90s, and this rate of increase is higher than interest rates, then developers will delay projects. Based partly on a real options framework, Spiegel (2001) illustrates that the enhanced return the developer will gain, from both the increasing value of the future development and also potentially the increased value of the plot itself, will dominate any profit from immediate development. Speigel (2001) also highlights that this can help to explain the over-reaction effect of house prices to income shocks as noted in studies such as Capozza and Seguin (1996) . As noted earlier in the paper, similar results of overshooting were empirically noted in the context of the Irish market in Kenny (1999) who hypothesized that this may be due to supply constraints. The general point noted by Spiegel (2001) , concerning the delay in the development process, is also supported in Kenny (2003) and his findings of asymmetric adjustment costs. Williams et al. (2002) highlight the holding of land banks in the late 90s in Ireland, furthermore noting that in many cases such land was being held by non-development interests.
The viewpoint taken by the Spiegel (2001) model can also linked back into the general housing economics literature and particular that concerning the role of expectations in the market. As papers such as Poterba (1991) have argued, participants in housing markets often display extrapolative expectations, with past movements in prices playing a large role in the determination of expectations. The presence of extrapolative expectations can help to explain the development of speculative bubbles. Malpezzi and Wachter (2005) argue that myopic expectations may also play a role in market participants failing to anticipate potential reversals in price trends. It can be argued that the predictive nature of housing markets may lead to the presence in the market of rational investors, entering the market on the expectation of excess returns (Kim & Shu, 1993; Sheinkman & Xiong, 2003) . A key example of such an investor would be a developer. If extrapolative and myopic expectations are however dominant across housing markets, then the view of Speigel (2001) also extends as the resulting impact on supply, although the actions of developers will encourage further price increases due to supply constraints. Furthermore, developers will be aware of the asymmetry that commonly characterizes house price dynamics. In part due to the illiquidity of the asset, it is commonly seen that while prices can rise rapidly they rarely fall in a downturn (Case & Shiller, 2003 ; Glaeser & Gyourko, 2005) . This asymmetry can be partly explained by homeowners being unwilling to trade at reduced prices, rather wishing to ride out any downturn. This would often be due to the high proportion of household wealth tied up in housing and also to prevent the risk of realized negative equity. This asymmetry provides a safety valve for developers and will further encourage delaying tactics in their pursuit of profit maximization. It is only in the last two years of the sample that all three models provide relatively accurate forecasts.
The increase in supply observed in 2002 (8.81 per cent) and 2003 (20.71 per cent) is therefore in all likelihood due to a combination of two primary factors. First, that many of the institutional constraints within the planning system were being addressed allowing an increase in the speed at which applications could be processed. Second, a fall in real terms of house prices in 2001 probably led to developers effectively exercising their option to proceed with projects.
Conclusions
This paper has compared the forecasting performance of the three alternative models. A fundamentally based OLS model, as commonly used in housing economics, a Bayesian VAR specification and a simple ARIMA model. The results highlight a number of issues concerning supply in the housing market, in particular the profit maximization behaviour of developers. The forecasting results illustrate the superiority of the ARIMA approach in comparison to the two models containing fundamental variables. These findings are consistent with previous studies of supply forecasting (Fullerton et al., 2000 (Fullerton et al., , 2001 . The rationale behind these findings can be related to the behaviour of developers during markets showing rapidly increasing prices. The price dynamics of the Irish market during this period provides an ideal case to illustrate these points due to the sustained housing boom that has occurred since the mid-90s. The ARIMA's better forecasting ability, especially during the 1998-2001 period, can be attributed to developers not responding to demand shifts sufficiently. This can be viewed as evidence of them delaying projects due to potentially enhanced returns from continuing increases in both land and house values. Therefore, those models containing market fundamental variables failed to capture this behavioural aspect of housing supply. Only in 2002 and 2003, when developers did substantially increase supply, did the fundamental models really adequately capture and forecast supply dynamics. The lack of fundamental variables in the ARIMA model therefore led to it purely following the trends in supply without explicit consideration of the broader price dynamics of the market. For this reason it provided far superior forecasts of housing supply, especially during the late 90s.
in the number significant coefficients reported and in relation to the forecasting ability of the model the results actually displayed increased inaccuracy. 4. See Stevenson and McGrath (2003) for a full discussion on the rationale behind adopting a Bayesian VAR approach. 5. The corresponding figures for the VAR are 15.72 per cent, 16.77 per cent, 7.24 per cent and 11.71 per cent. 6. Tests were also undertaken using an ARIMAX approach. This form of modelling includes exogenous variables into the ARIMA specification and has been used in property related papers such as Karakozova (2004) . The results are available from the authors. The inclusion of the independent variables from the OLS and VAR models as exogenous variables however led to a decrease in the forecasting accuracy of the models.
